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(OHYDWHGSODWHOHWFRXQWDSSHDUVWREHFDXVDOO\DVVRFLDWHGZLWKLQFUHDVHGULVN
RIOXQJFDQFHU$0HQGHOLDQUDQGRPL]DWLRQDQDO\VLV 
 
<LQJ=KX<RQJ\XH:HL5X\DQJ=KDQJ;XHVL'RQJ6LSHQJ6KHQ<DQJ
=KDR-LDQOLQJ%DL'HPHWULRV$OEDQHV1HLO(&DSRUDVR0DULD7HUHVD/DQGL
%LQ=KX6WHSKHQ-&KDQRFN)DQJ\L*X6WHSKHQ/DP0LQJ6RXQG7VDR
)UDQFHV$6KHSKHUG$GRQLQD7DUGRQ$QD)HUQDQGH]6RPRDQR*XLOOHUPR
)HUQDQGH]7DUGRQ&KX&KHQ0DWWKHZ-%DUQHWW-HQQLIHU'RKHUW\6WLJ(
%RMHVHQ0DWWLDV-RKDQVVRQ3DXO%UHQQDQ-DPHV'0F.D\5REHUW
&DUUHUDV7RUUHV7KRPDV0XOH\$QJHOD5LVFK+HXQ](ULFK:LFKPDQQ
+HLNH%LFNHE|OOHU$OEHUW5RVHQEHUJHU*DG5HQQHUW:DOLG6DOLED6XVDQQH
0$UQROG-RKQ.)LHOG0LFKDHO3$'DYLHV0LFKDHO:0DUFXV;LIHQJ:X
<XDQTLQJ<H/RLF/H0DUFKDQG/\QQH5:LONHQV2OOH0HODQGHU-RQDV
0DQMHU+DQV%UXQQVWU|P5D\MHDQ-+XQJ*HRIIUH\/LX<RQDWKDQ%UKDQH
/LQGD.DFKXUL$QJHOLQH6$QGUHZ(ULF-'XHOO/DPEHUWXV$.LHPHQH\(ULN
+)0YDQGHU+HLMGHQ$DJH+DXJHQ6KDQEHK=LHQROGGLQ\9LGDU6NDXJ.MHOO
*UDQNYLVW0LNDHO-RKDQVVRQ3HQHOOD-:ROO$QJHOD&R[)LRQD7D\ORU
'DZQ07HDUH3KLOLS/D]DUXV0DWWKHZ%6FKDEDWK0HOLQGD&$OGULFK
5LFKDUG6+RXOVWRQ-RKQ0F/DXJKOLQ9LFWRULD/6WHYHQV+RQJELQJ6KHQ
=KLELQ+X-XQFKHQJ'DL&KULVWRSKHU,$PRV<RXQJKXQ+DQ'DNDL=KX
*DU\(*RRGPDQ)HQJ&KHQ'DYLG&&KULVWLDQL 
 
'HSDUWPHQWRI%LRVWDWLVWLFV6FKRRORI3XEOLF+HDOWK1DQMLQJ0HGLFDO8QLYHUVLW\
1DQMLQJ&KLQD 
'HSDUWPHQWRI(QYLURQPHQWDO+HDOWK+DUYDUG6FKRRORI3XEOLF+HDOWK%RVWRQ
0DVVDFKXVHWWV86$ 
&KLQD,QWHUQDWLRQDO&RRSHUDWLRQ&HQWHU&,&&IRU(QYLURQPHQWDQG+XPDQ+HDOWK
1DQMLQJ0HGLFDO8QLYHUVLW\1DQMLQJ&KLQD 
'HSDUWPHQWRI(SLGHPLRORJ\DQG%LRVWDWLVWLFV6FKRRORI3XEOLF+HDOWK6RXWKHDVW
8QLYHUVLW\1DQMLQJ&KLQD 
'LYLVLRQRI&DQFHU(SLGHPLRORJ\DQG*HQHWLFV1DWLRQDO&DQFHU,QVWLWXWH86
1DWLRQDO,QVWLWXWHVRI+HDOWK%HWKHVGD0DU\ODQG86$ 
'HSDUWPHQWRI&DQFHU3UHYHQWLRQDQG&RQWURO5RVZHOO3DUN&RPSUHKHQVLYH
&DQFHU&HQWHU%XIIDOR1<86$ 
British Columbia Cancer Agency, Vancouver, British Columbia, Canada 
8QLYHUVLW\+HDOWK1HWZRUN3ULQFHVV0DUJDUHW&DQFHU&HQWUH7RURQWR2QWDULR
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&DQDGD 
8QLYHUVLW\RI2YLHGRDQG&,%(5(63)DFXOW\RI0HGLFLQH2YLHGR6SDLQ 
3URJUDPLQ(SLGHPLRORJ\)UHG+XWFKLQVRQ&DQFHU5HVHDUFK&HQWHU6HDWWOH
:DVKLQJWRQ86$ 
Department of Clinical Biochemistry, Herlev and Gentofte Hospital, Copenhagen 
University Hospital, Copenhagen, Denmark; Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark; Copenhagen General Population 
Study, Herlev and Gentofte Hospital, Copenhagen, Denmark; 
,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHU:RUOG+HDOWK2UJDQL]DWLRQ/\RQ
)UDQFH 
Thoraxklinik at University Hospital Heidelberg, Heidelberg, Germany;  
14Translational Lung Research Center Heidelberg (TLRC-H), Heidelberg, Germany;  
15German Center for Lung Research (DZL), Heidelberg, Germany; University of 
Salzburg and Cancer Cluster Salzburg, Salzburg, Austria; 

 Research Unit of Molecular Epidemiology, Institute of Epidemiology II, Helmholtz 
Zentrum München, German Research Center for Environmental Health, Neuherberg, 
Germany; 
'HSDUWPHQWRI*HQHWLF(SLGHPLRORJ\8QLYHUVLW\0HGLFDO&HQWHU*HRUJ$XJXVW
8QLYHUVLW\*|WWLQJHQ*HUPDQ\ 
'HSDUWPHQWRI&RPPXQLW\0HGLFLQHDQG(SLGHPLRORJ\&ODOLW1DWLRQDO&DQFHU
&RQWURO&HQWHUDW&DUPHO0HGLFDO&HQWHUDQG7HFKQLRQ)DFXOW\RI0HGLFLQH
7HFKQLRQ,VUDHO,QVWLWXWHRI7HFKQRORJ\+DLID,VUDHO 
0DUNH\&DQFHU&HQWHU8QLYHUVLW\RI.HQWXFN\/H[LQJWRQ.HQWXFN\86$ 
,QVWLWXWHRI7UDQVODWLRQDO0HGLFLQH8QLYHUVLW\RI/LYHUSRRO/LYHUSRRO8. 
'HSDUWPHQWRI(SLGHPLRORJ\8QLYHUVLW\RI7H[DV0'$QGHUVRQ&DQFHU&HQWHU
+RXVWRQ7H[DV86$ 
(SLGHPLRORJ\3URJUDP8QLYHUVLW\RI+DZDLL&DQFHU&HQWHU+RQROXOX+DZDLL
86$ 
)DFXOW\RI0HGLFLQH/XQG8QLYHUVLW\/XQG6ZHGHQ 
'HSDUWPHQWRI3DWKRORJ\/XQG8QLYHUVLW\/XQG6ZHGHQ 
/XQHQIHOG7DQHQEDXP5HVHDUFK,QVWLWXWH6LQDL+HDOWK6\VWHP8QLYHUVLW\RI
7RURQWR7RURQWR2QWDULR&DQDGD 
'HSDUWPHQWRI(SLGHPLRORJ\*HLVHO6FKRRORI0HGLFLQH+DQRYHU1HZ+DPSVKLUH
86$ 
8QLWRI1XWULWLRQDQG&DQFHU&DWDODQ,QVWLWXWHRI2QFRORJ\,&2,',%(//
%DUFHORQD6SDLQ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5DGERXG8QLYHUVLW\0HGLFDO&HQWHU5DGERXG,QVWLWXWHIRU+HDOWK6FLHQFHV
1LMPHJHQWKH1HWKHUODQGV 
1DWLRQDO,QVWLWXWHRI2FFXSDWLRQDO+HDOWK2VOR1RUZD\ 
'HSDUWPHQWRI0HGLFDO%LRVFLHQFHV8PHn8QLYHUVLW\8PHn6ZHGHQ 
'HSDUWPHQWRI2QFRORJ\DQG0HWDEROLVP8QLYHUVLW\RI6KHIILHOG6KHIILHOG8. 
6FKRRORI+HDOWKDQG5HODWHG5HVHDUFK8QLYHUVLW\2I6KHIILHOG(QJODQG8. 
'HSDUWPHQWRI3KDUPDFHXWLFDO6FLHQFHV&ROOHJHRI3KDUPDF\:DVKLQJWRQ6WDWH
8QLYHUVLW\6SRNDQH:DVKLQJWRQ86$ 
'HSDUWPHQWRI&DQFHU(SLGHPLRORJ\+/HH0RIILWW&DQFHU&HQWHUDQG5HVHDUFK
,QVWLWXWH7DPSD)ORULGD86$ 
'HSDUWPHQWRI7KRUDFLF6XUJHU\'LYLVLRQRI(SLGHPLRORJ\9DQGHUELOW8QLYHUVLW\
0HGLFDO&HQWHU 
7KH,QVWLWXWHRI&DQFHU5HVHDUFK/RQGRQ(QJODQG 
3XEOLF+HDOWK2QWDULR&DQDGD 
$PHULFDQ&DQFHU6RFLHW\,QF$WODQWD*HRUJLD86$ 
'HSDUWPHQWRI(SLGHPLRORJ\DQG%LRVWDWLVWLFV-LDQJVX.H\/DERI&DQFHU
%LRPDUNHUV3UHYHQWLRQDQG7UHDWPHQW&ROODERUDWLYH,QQRYDWLRQ&HQWHUIRU&DQFHU
3HUVRQDOL]HG0HGLFLQH6FKRRORI3XEOLF+HDOWK1DQMLQJ0HGLFDO8QLYHUVLW\1DQMLQJ
35&KLQD 
%LRPHGLFDO'DWD6FLHQFH*HLVHO6FKRRORI0HGLFLQHDW'DUWPRXWK+DQRYHU1HZ
+DPSVKLUH86$ 
6ZHGLVK0HGLFDO*URXS6HDWWOH:$86$ 
 
$XWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN 
6HQLRUDXWKRU 
 
5XQQLQJWLWOH5HODWLRQVKLSEHWZHHQSODWHOHWVDQGULVNRIOXQJFDQFHU 
 
.H\ZRUGV/XQJFDQFHU0HQGHOLDQUDQGRPL]DWLRQ3ODWHOHWFRXQW,QVWUXPHQWDO
YDULDEOH 
 
)XQGLQJ 
7KLVVWXG\ZDVVXSSRUWHGE\ WKH1DWLRQDO ,QVWLWXWHRI+HDOWK 1,+ &$DQG
&$ WR '& &KULVWLDQL 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
DQGWR)&KHQDQGWR<=KDR6WDWH
V.H\3URMHFW
RI5HVHDUFKDQG'HYHORSPHQW3URJUDP<)(WR)&KHQ.H\3URMHFW
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RI1DWXUDO6FLHQFH)RXQGDWLRQRI-LDQJVX&KLQD-$WR)&KHQ$3URMHFW
)XQGHGE\WKH3ULRULW\$FDGHPLF3URJUDP'HYHORSPHQWRI-LDQJVX+LJKHU(GXFDWLRQ
,QVWLWXWLRQV 3$3' DQG 2XWVWDQGLQJ<RXQJ7HDFKHUV7UDLQLQJ 3URJUDP RI 1DQMLQJ
0HGLFDO8QLYHUVLW\WR<<:HL7UDQVGLVFLSOLQDU\5HVHDUFKIRU&DQFHULQ/XQJ75,&/
DQG2QFRDUUD\IXQGLQJVRXUFHVDUHGHWDLOHGIROORZLQJ6SRQVRUVKDGQRUROHLQGHVLJQ
RI WKH VWXG\ FROOHFWLRQ DQG DQDO\VLV RI GDWD RU SUHSDUDWLRQ RI WKH PDQXVFULSW
7UDQVGLVFLSOLQDU\5HVHDUFKIRU&DQFHULQ/XQJ75,&/RIWKH,QWHUQDWLRQDO/XQJ&DQFHU
&RQVRUWLXP,/&&2ZDVVXSSRUWHGE\JUDQWV8&$DQG&$6,/&&2
GDWD KDUPRQL]DWLRQ ZDV VXSSRUWHG E\ WKH &DQFHU &DUH 2QWDULR 5HVHDUFK &KDLU RI
3RSXODWLRQ6WXGLHVWR5-+XQJDQGWKH/XQHQIHOG7DQHQEDXP5HVHDUFK,QVWLWXWH6LQDL
+HDOWK6\VWHP7KH&$38$VWXG\ZDVVXSSRUWHGE\),6)('(56SDLQJUDQWV),6
),63,DQG),6%,),&<7$VWXULDVJUDQWV),&<73%DQG),&<7
,%DQGWKH8QLYHUVLW\,QVWLWXWHRI2QFRORJ\,823$RIWKH8QLYHUVLW\RI2YLHGRDQG
WKH&LEHUGH(SLGHPLRORJLD\6DOXG3~EOLFD&,%(5(636SDLQ:RUNSHUIRUPHG LQ WKH
&$5(7 VWXG\ ZDV VXSSRUWHG E\ WKH 1DWLRQDO ,QVWLWXWH RI+HDOWK 1,+1DWLRQDO&DQFHU
,QVWLWXWH1&,80&$3,*(*RRGPDQ1,+82&$3,V2PHQ
*(*RRGPDQ1,+5&$3,&&KHQDQG1,+5&$$3,-
'RKHUW\ 7KH /LYHUSRRO /XQJ SURMHFW ZDV VXSSRUWHG E\ WKH 5R\ &DVWOH /XQJ &DQFHU
)RXQGDWLRQ 7KH +DUYDUG /XQJ &DQFHU 6WXG\ ZDV VXSSRUWHG E\ WKH 1,+1&, JUDQWV
&$ &$ DQG &$ 7KH 0XOWLHWKQLF &RKRUW 6WXG\ ZDV SDUWLDOO\
VXSSRUWHG E\ 1,+ JUDQWV &$ &$ &$ DQG &$ :RUN
SHUIRUPHG LQ WKH 06+±30+ VWXG\ ZDV VXSSRUWHG E\ WKH &DQDGLDQ &DQFHU 6RFLHW\
5HVHDUFK,QVWLWXWH2QWDULR,QVWLWXWHRI&DQFHUDQG&DQFHU&DUH2QWDULR&KDLU
$ZDUG WR 5- +XQJ DQG * /LX DQG$ODQ %URZQ &KDLU DQG /XVL:RQJ 3URJUDPV DW
3ULQFHVV0DUJDUHW+RVSLWDO)RXQGDWLRQ1-/&6ZDVIXQGHGE\WKH6WDWH.H\3URJUDPRI
1DWLRQDO 1DWXUDO 6FLHQFH RI &KLQD  1DWLRQDO .H\ %DVLF 5HVHDUFK 3URJUDP
&%DQG0DMRU3URJUDPRIWKH1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
 7KH 1RUZD\ VWXG\ ZDV VXSSRUWHG E\ WKH 1RUZHJLDQ &DQFHU 6RFLHW\
1RUZHJLDQ5HVHDUFK&RXQFLO7KH6KDQJKDL&RKRUW6WXG\6&6ZDVVXSSRUWHGE\1,+
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5 &$ 3, -0 <XDQ DQG 80 &$ 3, -0 <XDQ 7KH 6LQJDSRUH
&KLQHVH+HDOWK6WXG\6&+6ZDVVXSSRUWHGE\1,+5&$3,-0<XDQDQG
80&$3,-0<XDQ:RUNLQWKH7/&VWXG\KDVEHHQVXSSRUWHGLQSDUWWKH
-DPHV 	 (VWKHU .LQJ %LRPHGLFDO 5HVHDUFK 3URJUDP .1 1,+ 6SHFLDOL]HG
3URJUDPV RI 5HVHDUFK ([FHOOHQFH 6325( 3 &$ DQG D &DQFHU &HQWHU
6XSSRUW*UDQW&&6*DWWKH+/HH0RIILWW&DQFHU&HQWHUDQG5HVHDUFK,QVWLWXWHDQ1&,
GHVLJQDWHG&RPSUHKHQVLYH&DQFHU&HQWHU3&$7KH9DQGHUELOW/XQJ&DQFHU
6WXG\ ± %LR98 GDWDVHW XVHG IRU WKH GHVFULEHG DQDO\VHV ZDV REWDLQHG IURP 9DQGHUELOW
8QLYHUVLW\ 0HGLFDO &HQWHU¶V %LR98 ZKLFK LV VXSSRUWHG E\ LQVWLWXWLRQDO IXQGLQJ WKH
655 LQVWUXPHQWDWLRQ DZDUG DQG E\ WKH 9DQGHUELOW 1DWXUH *HQHWLFV
GRLQJ 7KH &OLQLFDO DQG 7UDQVODWLRQDO 6FLHQFH $ZDUGV &76$ JUDQW
8/75 ZDV IURP WKH 1DWLRQDO &HQWHU IRU $GYDQFLQJ 7UDQVODWLRQDO 6FLHQFHV
1&$761,+0&$OGULFKZDVVXSSRUWHGE\1,+1&,.&$3,0&$OGULFK
DQG'U%XVKZDVVXSSRUWHGE\1DWLRQDO+XPDQ*HQRPH5HVHDUFK,QVWLWXWH1+*5,1,+
8+*3,&UDZIRUG7KH&RSHQKDJHQ*HQHUDO3RSXODWLRQ6WXG\&*36ZDV
VXSSRUWHG E\ WKH &KLHI 3K\VLFLDQ -RKDQ %RVHUXS DQG /LVH %RVHUXS )XQG WKH 'DQLVK
0HGLFDO5HVHDUFK&RXQFLODQG+HUOHY+RVSLWDO7KH1(/&6VWXG\ZDVVXSSRUWHGE\JUDQW
355IURPWKH1DWLRQDO&HQWHUIRU5HVHDUFK5HVRXUFHV1&55DFRPSRQHQW
RI WKH 1,+ 7KH .HQWXFN\ /XQJ &DQFHU 5HVHDUFK ,QLWLDWLYH ZDV VXSSRUWHG E\ WKH
'HSDUWPHQWRI'HIHQVH>&RQJUHVVLRQDOO\'LUHFWHG0HGLFDO5HVHDUFK3URJUDP86$UP\
0HGLFDO5HVHDUFKDQG0DWHULHO&RPPDQG3URJUDP@XQGHUDZDUG:;:+
7KLVUHVHDUFKZDVDOVRVXSSRUWHGE\XQUHVWULFWHGLQIUDVWUXFWXUHIXQGVIURPWKH
8.&HQWHUIRU&OLQLFDODQG7UDQVODWLRQDO6FLHQFH1,+JUDQW8/75DQG0DUNH\
&DQFHU &HQWHU 1&, &DQFHU &HQWHU 6XSSRUW *UDQW 3 &$ 6KDUHG 5HVRXUFH
)DFLOLWLHV &DQFHU 5HVHDUFK ,QIRUPDWLFV %LRVSHFLPHQ DQG 7LVVXH 3URFXUHPHQW DQG
%LRVWDWLVWLFVDQG%LRLQIRUPDWLFV7KH0'$QGHUVRQ&DQFHU&HQWHUVWXG\ZDVVXSSRUWHG
LQSDUW1,+JUDQWV3&$DQG5&$WR;):X&DQFHU3UHYHQWLRQ	
5HVHDUFK,QVWLWXWHRI7H[DV53WR;):XDQG8QLYHUVLW\RI7H[DV0'$QGHUVRQ
&DQFHU &HQWHU LQVWLWXWLRQDO VXSSRUW IRU WKH &HQWHU IRU 7UDQVODWLRQDO DQG 3XEOLF +HDOWK
 6 
*HQRPLFV7KHGH&2'(VWXG\RIVPRNLQJDQGQLFRWLQHGHSHQGHQFHZDVIXQGHGLQSDUW
E\JUDQW5'$ IURPWKH1DWLRQDO ,QVWLWXWHVRQ'UXJ$EXVH1,'$7KH/RG]
FHQWHUVWXG\ZDVSDUWLDOO\IXQGHGE\1RIHU,QVWLWXWHRI2FFXSDWLRQDO0HGLFLQHXQGHUWDVN
1,203UHGLFWRUVRIPRUWDOLW\IURPQRQVPDOOFHOOOXQJFDQFHUILHOGVWXG\*HQHWLF
VKDULQJDQDO\VLVZDVIXQGHGE\1,+JUDQW&$7KH5HVR/X&(17VWXG\5HVRXUFH
IRU WKH 6WXG\ RI /XQJ &DQFHU (SLGHPLRORJ\ LQ 1RUWK7UHQW LV IXQGHG E\ WKH 6KHIILHOG
+RVSLWDOV &KDULW\ 6KHIILHOG ([SHULPHQWDO &DQFHU 0HGLFLQH &HQWUH DQG :HVWRQ 3DUN
+RVSLWDO &DQFHU &KDULW\ )7D\ORU ZDV VXSSRUWHG E\ D &DQFHU 5HVHDUFK 8.<RUNVKLUH
&DQFHU 5HVHDUFK &OLQLFDO )HOORZVKLS % =KX¶V ZRUN ZDV VXSSRUWHG E\ WKH ,QWUDPXUDO
5HVHDUFK 3URJUDP RI WKH 'LYLVLRQ RI &DQFHU (SLGHPLRORJ\ DQG *HQHWLFV 1&, 7KH
(QYLURQPHQW$QG*HQHWLFVLQ/XQJFDQFHU(WLRORJ\($*/(VWXG\3,07/DQGLZDV
VXSSRUWHG E\ WKH ,QWUDPXUDO 5HVHDUFK 3URJUDP RI 1,+ 1&, 'LYLVLRQ RI &DQFHU
(SLGHPLRORJ\DQG*HQHWLFV)<*XZDVDOVRVXSSRUWHGE\5RVZHOO3DUN&DQFHU,QVWLWXWH
DQG&DQFHU&HQWHU6XSSRUWLQJ*UDQW3&$//0DUFKDQGZDVVXSSRUWHGE\D
SURJUDPSURMHFWJUDQWIURPWKH1&,1,+3&$DQGJUDQW8&$7KH
7RURQWRVWXG\3,-0F/DXJKOLQZDVVXSSRUWHGE\&DQDGLDQ&DQFHU6RFLHW\5HVHDUFK
,QVWLWXWH 7KH&DQDGLDQ8UEDQ(QYLURQPHQWDO+HDOWK5HVHDUFK&RQVRUWLXP LV
IXQGHGE\WKH&DQDGLDQ,QVWLWXWHVIRU+HDOWK5HVHDUFK-0F/DXJKOLQ6-&KDQRFNZDV
VXSSRUWHGE\WKH,QWUDPXUDO5HVHDUFK3URJUDPRIWKH1DWLRQDO,QVWLWXWHVRI+HDOWK1&,¶V
'LYLVLRQRI&DQFHU(SLGHPLRORJ\DQGWKH$PHULFDQ&DQFHU6RFLHW\7KLVZRUNZDVDOVR
VXSSRUWHGE\&DQFHU5HVHDUFK8.&$WR56+RXOVWRQ&$DQG
&$WR-0F/DXJKOLQDQG&$WR5&DUUHUDV7RUUHV 
 
6HQGFRUUHVSRQGHQFHWR 
'U)HQJ&KHQ63+%XLOGLQJ5RRP/RQJPLDQ$YHQXH1DQMLQJ-LDQJVX
&KLQDHPDLOIHQJFKHQ#QMPXHGXFQ 
'U'DYLG&&KULVWLDQL%XLOGLQJ,5RRP+XQWLQJWRQ$YHQXH%RVWRQ0$
86$HPDLOGFKULV#KVSKKDUYDUGHGX 
 
&RPSHWLQJLQWHUHVWV 
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7KHDXWKRUVEHORZDUHFODLPLQJD&RQIOLFWRI,QWHUHVW  
*HRIIUH\/LXZDVRQWKH6SHDNHU
V%XUHDXDQGUHFHLYHGKRQRUDULDIURP3IL]HU
$VWUD=HQHFD7DNHGD5RFKH1RYDUWLV%060HUFN  
(ULN+)0YDQGHU+HLMGHQUHFLHYHGFRPPHUFLDOUHVHDUFKVXSSRUWIURP3KLOLSV0HGLFDO
6\VWHPVDQG$VWUD=HQHFD2QFRORJ\DQGZDVRQWKH6SHDNHU
V%XUHDXDQGUHFHLYHG
KRQRUDULDIURP3HQWD[0HGLFDO  
7KHRWKHUDXWKRUVGHFODUHQRSRWHQWLDOFRQIOLFWVRILQWHUHVW 
 
0DQXVFULSWZRUGFRXQWZRUGV 
7DEOHV 
)LJXUHV 
 
$EEUHYLDWLRQV613VVLQJOHQXFOHRWLGHSRO\PRUSKLVPV16&/&QRQVPDOOFHOOOXQJ
FDQFHU25RGGVUDWLR3/7SODWHOHWFRXQW050HQGHOLDQ5DQGRPL]DWLRQ,9
LQVWUXPHQWDOYDULDEOH*:$6JHQRPHZLGHDVVRFLDWLRQVWXGLHV605VXPPDU\
GDWDEDVHG0HQGHOLDQUDQGRPL]DWLRQ$&DGHQRFDUFLQRPD6T&&VTXDPRXVFHOO
FDUFLQRPD6&/&VPDOOFHOOOXQJFDQFHU,9:LQYHUVHYDULDQFHZHLJKWHG 
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$EVWUDFW 
%DFNJURXQG3ODWHOHWVDUHDFULWLFDOHOHPHQWLQFRDJXODWLRQDQGLQIODPPDWLRQDQG
DFWLYDWHGSODWHOHWVDUHOLQNHGWRFDQFHUULVNWKURXJKGLYHUVHPHFKDQLVPV+RZHYHUD
FDXVDOUHODWLRQVKLSEHWZHHQSODWHOHWVDQGULVNRIOXQJFDQFHUUHPDLQVXQFOHDU  
0HWKRGV:HSHUIRUPHGVLQJOHDQGFRPELQHGPXOWLSOHLQVWUXPHQWDOYDULDEOH
0HQGHOLDQ5DQGRPL]DWLRQ05DQDO\VLVE\DQLQYHUVHZHLJKWHG,9:PHWKRGLQ
DGGLWLRQWRDVHULHVRIVHQVLWLYLW\DQDO\VHV6XPPDU\GDWDIRUDVVRFLDWLRQVEHWZHHQ
VLQJOHQXFOHRWLGHSRO\PRUSKLVPV613VDQGSODWHOHWFRXQWLVIURPDUHFHQW
SXEOLFDWLRQLQFOXGLQJ&DXFDVLDQ(XURSHDQVDQG,QWHUQDWLRQDO/XQJ&DQFHU
&RQVRUWLXPDQG7UDQVGLVFLSOLQDU\5HVHDUFKLQ&DQFHURIWKH/XQJGDWDFRQVLVWLQJRI
FDVHVDQGFRQWUROVDQDO\]HDVVRFLDWLRQVEHWZHHQFDQGLGDWHVLQJOH
QXFOHRWLGHSRO\PRUSKLVPVDQGOXQJFDQFHUULVN  
5HVXOWV0XOWLSOHLQVWUXPHQWDOYDULDEOHDQDO\VLVLQFRUSRUDWLQJVL[613VVKRZHGD
LQFUHDVHGULVNRIRYHUDOO16&/&25&,±3 DQG
LQFUHDVHGULVNIRUVPDOOFHOOOXQJFDQFHU25&,±3 
UHVSHFWLYHO\5HVXOWVVKRZHGRQO\DWUHQGLQJDVVRFLDWLRQZLWK16&/&
KLVWRORJLFDOVXEW\SHVZKLFKPD\EHGXHWRLQVXIILFLHQWVDPSOHVL]HDQGRUZHDN
HIIHFWVL]H$VHULHVRIVHQVLWLYLW\DQDO\VLVUHWDLQHGWKHVHILQGLQJV 
 
&RQFOXVLRQ2XUILQGLQJVVXJJHVWDFDXVDOUHODWLRQVKLSEHWZHHQHOHYDWHGSODWHOHW
FRXQWDQGLQFUHDVHGULVNRIOXQJFDQFHUDQGSURYLGHHYLGHQFHRISRVVLEOHDQWLSODWHOHW
LQWHUYHQWLRQVIRUOXQJFDQFHUSUHYHQWLRQ 
 
,PSDFW2XU¿QGLQJVVXJJHVWDFDXVDOUHODWLRQVKLSRILQFUHDVHGSODWHOHWFRXQWDQGULVNRI
OXQJFDQFHUZKLFKDOVRSURYLGHDEHWWHUXQGHUVWDQGLQJRIOXQJFDQFHUHWLRORJ\DQG
SRWHQWLDOHYLGHQFHIRUDQWLSODWHOHWLQWHUYHQWLRQVIRUOXQJFDQFHUSUHYHQWLRQ  
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,QWURGXFWLRQ  
/XQJFDQFHUDKLJKO\LQYDVLYHUDSLGO\PHWDVWDVL]LQJFDQFHUKDVEHHQWKHOHDGLQJ
FDXVHRIFDQFHUGHDWKVZRUOGZLGHIRUGHFDGHVDFFRXQWLQJIRUPRUHWKDQRQHPLOOLRQ
GHDWKVHDFK\HDU>@6PRNLQJLVDPDMRUULVNIDFWRUIRUOXQJFDQFHUDQGDFFRXQWVIRU
DERXWRIPDOHDQGRIIHPDOHOXQJFDQFHUFDVHV>@,QDGGLWLRQ
HQYLURQPHQWDO±RFFXSDWLRQDOH[SRVXUHV>@OLIHVW\OHDQGJHQHWLFYDULDQWV>@KDYH
EHHQEURDGO\H[SORUHGDVULVNVSUHGLVSRVLQJIDFWRUVIRUOXQJFDQFHU+RZHYHU
DVSHFWVRIOXQJFDQFHUULVNUHPDLQODUJHO\XQH[SODLQHGDQGWKXVZDUUDQWIXUWKHU
VWXG\ 
 
7KHOXQJZDVUHFHQWO\QRWHGWRSOD\DPDMRUUROHLQSODWHOHWELRJHQHVLVDQGDFWDVDQ
LGHDOELRUHDFWRUIRUSURGXFWLRQRIPDWXUHSODWHOHWVIURPPHJDNDU\RF\WHVZKLFK
DFFRXQWIRUaRIWRWDOSODWHOHWSURGXFWLRQ>@3ODWHOHWVDUHDQLPSRUWDQWHOHPHQW
LQFRDJXODWLRQDQGLQIODPPDWLRQDQGGLYHUVHPHFKDQLVPVOLQNDFWLYDWHGSODWHOHWVWR
FDQFHUSURJUHVVLRQ>@  ,WKDVEHHQLGHQWLILHGWKDWVHYHUDOYDULDQWVLQWKRVH
FKURPRVRPDOUHJLRQVDVVRFLDWHGZLWKSODWHOHWFRXQW3/7KDYHDVVRFLDWLRQVZLWK
P\RFDUGLDOLQIUDFWLRQDXWRLPPXQHDQGKHPDWRORJLFGLVRUGHUV7XPRUHGXFDWHG
EORRGSODWHOHWV7(3VKDYHHPHUJHGDVSURPLVLQJELRPDUNHUVRXUFHVIRUQRQ
LQYDVLYHGHWHFWLRQRIFDQFHUDQGLWZDVGHPRQVWUDWHGWRGLVFULPLQDWHVSDWLHQWVZLWK
16&/&IURPKHDOWK\LQGLYLGXDOVDQGSDWLHQWVZLWKYDULRXVQRQFDQFHURXV
LQIODPPDWRU\FRQGLWLRQV>@,QGHHGKLJKSODWHOHWFRXQW3/7LVDVVRFLDWHGZLWK
LQFUHDVHGPRUWDOLW\LQDYDULHW\RIFDQFHUVLQFOXGLQJPDOLJQDQWPHVRWKHOLRPD>@
J\QHFRORJLFDOPDOLJQDQFLHV>@DQGEUHDVWFDQFHU>@,QDGGLWLRQSODWHOHWWR
O\PSKRF\WHUDWLRDQGPHDQSODWHOHWYROXPHDOVRDGGYDOXHLQHDUO\GLDJQRVLVRIOXQJ
FDQFHU>@DQGSURJQRVLVSUHGLFWLRQ>@7KHVHILQGLQJVWDNHQWRJHWKHULQGLFDWH
WKDWGLVRUGHUHGSODWHOHWSURGXFWLRQPD\EHFRQQHFWHGWROXQJFDUFLQRJHQHVLV
+RZHYHUGXHWRSRWHQWLDOXQPHDVXUHGFRQIRXQGHUVLQREVHUYDWLRQDOVWXGLHVWKH
DVVRFLDWLRQEHWZHHQ3/7DQGOXQJFDQFHUULVNUHPDLQVXQFOHDU  
 
0HQGHOLDQ5DQGRPL]DWLRQ05LVEDVHGRQWKHSULQFLSOHWKDWDQLQGLYLGXDO
V
JHQRW\SHLVUDQGRPL]HGDWFRQFHSWLRQ>@DQGXWLOL]HVJHQHWLFYDULDQWVDV
LQVWUXPHQWDOYDULDEOHV,9IRUWKHDVVRFLDWLRQEHWZHHQSKHQRW\SLFH[SRVXUHVDQG
RXWFRPHVWRHOLPLQDWHELDVGXHWRXQPHDVXUHGFRQIRXQGHUV*HQHWLFYDULDQWVXVHG
DVLQVWUXPHQWDOYDULDEOHVVKRXOGPHHWWKHIROORZLQJDVVXPSWLRQVJHQHWLFYDULDQWV
DUHDVVRFLDWHGZLWKH[SRVXUHJHQHWLFYDULDQWVDIIHFWRXWFRPHRQO\YLDWKH
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H[SRVXUHDQGJHQHWLFYDULDQWVDUHQRWDVVRFLDWHGZLWKDQ\FRQIRXQGHUVRIWKH
H[SRVXUH±RXWFRPHDVVRFLDWLRQ>@%\ILQGLQJDJHQHWLFPDUNHUWKDWVDWLVILHV
LQVWUXPHQWDOYDULDEOHDVVXPSWLRQV0HQGHOLDQUDQGRPL]DWLRQDQDO\VLVKDVEHHQ
EURDGO\XVHGWRHVWLPDWHXQFRQIRXQGHGDVVRFLDWLRQVEHWZHHQH[SRVXUHDQG
RXWFRPH>@VXFKDVWKHHIIHFWRIKLJKHUDGXOWKHLJKWRQHVFDODWHGFDQFHUULVN>
@ 
 
,QWKLVVWXG\ZHSHUIRUPHGVXPPDU\GDWDEDVHG0HQGHOLDQUDQGRPL]DWLRQ605
>@DQDO\VLVZKLFKLVWKHH[WHQVLRQRIWZRVDPSOH0HQGHOLDQUDQGRPL]DWLRQXVLQJ
FXUDWHGSODWHOHWFRXQWUHODWHG613VDVLQVWUXPHQWDOYDULDEOHVWRHYDOXDWHWKH
DVVRFLDWLRQEHWZHHQSODWHOHWFRXQWDQGOXQJFDQFHUULVNE\XVLQJVXPPDU\VWDWLVWLFV
IURPUHFHQWODUJHVFDOHJHQRPHZLGHDVVRFLDWLRQVWXGLHV*:$6 
 
0DWHULDOVDQG0HWKRGV 
'DWDVRXUFHDQGVWXG\SRSXODWLRQ 
0HQGHOLDQ5DQGRPL]DWLRQDQDO\VLVZDVFRQGXFWHGWRHVWLPDWHWKHHIIHFWRISODWHOHW
FRXQW;RQULVNRIOXQJFDQFHU<XVLQJJHQHWLFYDULDQWV*DVLQVWUXPHQWDO
YDULDEOHV>@$FFRUGLQJWRWKH05DQDO\VLVGLDJUDPGHVFULEHGLQ)LJXUHZHXVHG
FRHIILFLHQWVRIJHQHWLFYDULDQWVRQSODWHOHWFRXQWE;*DQGWKHLUVWDQGDUGHUURUV
6(;*IURPWKHUHFHQWO\SXEOLVKHGVWXG\RI*LHJHUHWDOZKLFKSRROHGVWXGLHV
DQGLQFOXGHGDSSUR[LPDWHO\LQGLYLGXDOVRI(XURSHDQGHVFHQW>@ 
 
7KHJHQHWLFYDULDQWVZHUHLGHQWLILHGWKDWZHUHDVVRFLDWHGZLWK3/77DEOH6
2QHRIWKHNH\DVVXPSWLRQVXQGHUO\LQJ0HQGHOLDQ5DQGRPL]DWLRQLVWKDWWKHJHQHWLF
YDULDQWV613VXVHGDVLQVWUXPHQWDOYDULDEOHVDUHRQO\UHODWHGWRWKHRXWFRPHRI
LQWHUHVWWKURXJKWKHH[SRVXUHYDULDEOHXQGHUVWXG\1RSOHLRWURSLFSDWKZD\VVKRXOG
H[LVWIURPSODWHOHWUHODWHG613VWROXQJFDQFHUVWKURXJKLQWHUPHGLDWHVRWKHUWKDQ
SODWHOHWFRXQW7KXVVL[JHQHWLFYDULDQWVUVUVUVUV
UVDQGUVZKHUHIXUWKHUVHOHFWHGDVTXDOLILHGLQVWUXPHQWDOYDULDEOHVWKDW
KDYHSULRUIXQFWLRQDONQRZOHGJHVXSSRUWLQJWKHLUDVVRFLDWLRQZLWKSODWHOHWVDQGQR
DSSDUHQWOLQNWRFDQFHUWKURXJKLQWHUPHGLDWHVRWKHUWKDQSODWHOHWV%\WKHZD\WKH
613UVLQ7+32QDUURZO\PLVVHVWKHOHYHOUHTXLUHGIRUQRPLQDOVLJQLILFDQFH
3îZLWK3 îLQ(XURSHDQVEXWVKRZVJHQRPHZLGHVLJQLILFDQFHLQ
-DSDQHVH>@7KHUHIRUHLWLVVWLOOLQFOXGHGVHUYLQJDVLQVWUXPHQWYDULDEOHIRUSODWHOHW
FRXQW 
 
&RHIILFLHQWVȕ<*DQGFRUUHVSRQGLQJVWDQGDUGHUURUV6(<*RIWKHDVVRFLDWLRQ
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EHWZHHQJHQHWLFYDULDQWVDQGOXQJFDQFHUULVNZHUHREWDLQHGIURPPHWDDQDO\VLVRI
H[LVWLQJ2QFRDUUD\DQG75,&/*:$6VWXGLHVZKLFKZHUHGHWDLOHGSUHYLRXVO\>@
%ULHIO\RYHUDOOQRQVPDOOFHOOOXQJFDQFHU16&/&VDPSOHVZHUHFRPSRVHGIURP
2QFRDUUD\DQG75,&/*:$6VLQFOXGLQJFDVHVDQGFRQWUROVDQG
VXEJURXSDQDO\VHVZHUHSHUIRUPHGIRUDGHQRFDUFLQRPD$&
VTXDPRXVFHOOFDUFLQRPD6T&&DQGVPDOOFHOOOXQJFDQFHU6&/&FDVHV
7DEOH6  
 
0HQGHOLDQ5DQGRPL]DWLRQ05DQDO\VLV 
0HQGHOLDQ5DQGRPL]DWLRQDQDO\VLVZLWKPXOWLSOHLQVWUXPHQWDOYDULDEOHVZDV
SHUIRUPHGXVLQJDQLQYHUVHYDULDQFHZHLJKWHG,9:PHWKRGFRPELQLQJWKHHIIHFWRI
JHQHWLFYDULDQWVE\ZHLJKWHGVFRUH7KLVVFRUHZDVXVHGDVDQLQVWUXPHQWDOYDULDEOH
WRHVWLPDWHWKHHIIHFWRI3/7RQOXQJFDQFHUULVN>@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,QZKLFK1 UHSUHVHQWVWKHQXPEHURILQVWUXPHQWDOYDULDEOHVLQFOXGHGDQGE<;B,9:
DQG6(<;B,9:UHSUHVHQWWKHHIIHFWRISODWHOHWFRXQWRQOXQJFDQFHUULVNLQORJ25
VFDOHDQGLWVFRUUHVSRQGLQJVWDQGDUGHUURU$VVRFLDWLRQVRISODWHOHWFRXQWRQULVNRI
RYHUDOO16&/&DQGLQGLYLGXDOVXEW\SHVZHUHDQDO\]HG5HVXOWVDUHSUHVHQWHGDV25
IRUOXQJFDQFHUULVNSHUî/LQFUHPHQWRISODWHOHWFRXQW 
 
$GGLWLRQDOO\SHQDOL]HG,9:UREXVW,9:05(JJHUSHQDOL]HG05(JJHUDQGUREXVW
05(JJHUPHWKRGVZHUHXVHGIRUVHQVLWLYLW\DQDO\VHVWRHYDOXDWHUREXVWQHVVRIWKH
ILQGLQJV>@6WHSIRUZDUGPRGHOLQJZDVXVHGWRDGGDQRSWLPDOLQVWUXPHQWDO
YDULDEOHHDFKWLPHIURPWKHOHIW613VDGGLQJWRWKHFXUDWHG613VIRUPXOWLSOH
LQVWUXPHQWDOYDULDEOHDQDO\VLVXQWLOWKHUHZDVQRLPSURYHPHQWRIVWDWLVWLFDO
VLJQLILFDQFH3YDOXHIRUWKHWHVWRIFDXVDOHIIHFW7KHPRGHOLQJSURFHVVZDV
WHUPLQDWHGZKHQQRDGGHG613LQFUHDVHGORJ3YDOXHE\RU%HVLGHV
05DQDO\VLVZLWKDVLQJOH,9RQH613DWDWLPHZDVSHUIRUPHGDVVXSSOHPHQWDU\
(IIHFWRI3/7RQ/XQJFDQFHUULVN>E<;LQORJRGGVUDWLR25VFDOH@DQGLWVVWDQGDUG
HUURU6(<;ZHUHHVWLPDWHGDVIROORZV>@ 
Ö
,
YG YG
YX YX
XG XG
b SEb SE
b b
  
                              
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$OODQDO\VHVZHUHSHUIRUPHGXVLQJ56RIWZDUH9HUVLRQ7KH5)RXQGDWLRQ$OO
WHVWVZHUHWZRVLGHGDQG3ZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQWXQOHVV
VWDWHGRWKHUZLVH  
 
5HVXOWV 
$PRQJ(XURSHDQV613VZHUHTXDQWLWDWLYHO\DVVRFLDWHGZLWKSODWHOHW
FRXQWZLWK3î7DEOH6>@$VVRFLDWLRQVRIWKRVH613VZLWKULVNRIOXQJ
FDQFHUZHUHDQDO\]HGDPRQJFDVHVDQGFRQWUROVIURP2QFR$UUD\DQG
SUHYLRXV*:$6VWXGLHV'HPRJUDSKLFVDQGVWXG\GHVFULSWLRQVZHUHGHWDLOHG
SUHYLRXVO\>@DQGDUHEULHIO\OLVWHGLQ7DEOH6DVZHOO6XPPDUL]HGDVVRFLDWLRQ
UHVXOWVRI613VDQGOXQJFDQFHUULVNDUHOLVWHGLQ7DEOH6$FFRUGLQJWRLQVWUXPHQWDO
YDULDEOHDVVXPSWLRQVWKDWKDGHYLGHQFHRQO\UHODWHGWRSODWHOHWVVL[613VZKLFKDUH
UHODWLYHO\LQGHSHQGHQWDQGVLWXDWHGLQGLIIHUHQWFKURPRVRPHVZHUHVHOHFWHGIRU05
DQDO\VLV7DEOHDQG613VZHUHH[FOXGHG7DEOH6  
 
,QPXOWLSOH,9DQDO\VLVFRPELQLQJDOOVL[UHODWLYHO\LQGHSHQGHQW613VVLWXDWHGLQ
GLIIHUHQWFKURPRVRPHVDVLJQLILFDQWDVVRFLDWLRQEHWZHHQ3/7DQGRYHUDOO16&/&
ULVNLVUHYHDOHGVKRZLQJWKDWHDFKî/LQFUHPHQWRI3/7ZDVDVVRFLDWHGZLWK
DLQFUHDVHLQ16&/&ULVN&,±3 )LJXUH$DQG)LJXUH
$,QDGGLWLRQILYHGLIIHUHQWPHWKRGVRIVHQVLWLYLW\DQDO\VLVLQFOXGLQJSHQDOL]HG
,9:UREXVW,9:05(JJHUSHQDOL]HG05(JJHUDQGUREXVW05(JJHUUHWDLQHG
WKLVDVVRFLDWLRQ7DEOH,Q16&/&VXEW\SHDQDO\VLVLWIDLOHGWRGHWHFWHGVLJQLILFDQW
DVVRFLDWLRQVEHWZHHQ3/7DQGWKHULVNRIOXQJ$GHQRFDUFLQRPD$&25
&,±3 )LJXUH%DQG)LJXUH%DQGVTXDPRXVFHOOV
FDUFLQRPDV6T&&25&,±3 )LJXUH&DQG)LJXUH
&2QWKHRWKHUKDQGLWLVVXJJHVWHGWKDW3/7LVVLJQLILFDQWO\DVVRFLDWHGZLWKWKH
ULVNRIVPDOOFHOOOXQJFDQFHU6&/&25&,±3 )LJXUH
'DQG)LJXUH'7KHUHVXOWVRIVLQJOH,9DUHSUHVHQWHGLQVXSSOHPHQWDU\7DEOH
61RFRUUHFWLRQZDVFRQGXFWHGIRUWKHPEHFDXVHDVLQJOHZHDNLQVWUXPHQWZLOO
KDYHORZHUSRZHUWRUHMHFWWKHQXOOK\SRWKHVLV>@ 
 
:HDOVRSHUIRUPHGDVWHSIRUZDUGPRGHOLQJVWUDWHJ\WRLQFOXGHPRUHLQVWUXPHQWDO
613VLQWKHPXOWLSOHLQVWUXPHQWDOYDULDEOHPRGHO,QFOXGLQJPRUH613VDV
LQVWUXPHQWDOYDULDEOHV\LHOGHGVLPLODU\HWPRUHVLJQLILFDQWFDXVDOHVWLPDWHV7DEOH
6DQG)LJXUH6  
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'LVFXVVLRQ 
7KLV0HQGHOLDQUDQGRPL]DWLRQVWXG\VXJJHVWVWKDWHDFKî/LQFUHPHQWLQ
SODWHOHWVUHVXOWVLQDLQFUHDVHGULVNRIQRQVPDOOFHOOOXQJFDQFHUDQGQRWDEO\D
LQFUHDVHGULVNRIVPDOOFHOOOXQJFDQFHU+RZHYHUWKLVVWXG\IDLOHGWRVKRZ
HYLGHQFHRIDUHODWLRQVKLSEHWZHHQ3/7DQGULVNRI$&DQG6T&&SUREDEO\UHVXOWLQJ
IURPLQVXIILFLHQWVDPSOHVL]H$VFRPSDULQJZLWK6&/&WKHHIIHFWVL]HRI3/7RQ$&
DQG6T&&DUHZHDNHUODUJHUVDPSOHVL]HLVQHHGHG>@  
 
3ODWHOHWVKDYHEHHQVWXGLHGIRUGHFDGHVDVDQLPSRUWDQWUHJXODWRURILQIODPPDWLRQ
DQGWKURPERVLV>@ZKLFKDUHEURDGO\LQWHUUHODWHGZLWKKXPDQFDUFLQRJHQHVLV>@
3ODWHOHWVDUHDOVRUHFRJQL]HGDVDVWLPXODWRURISURDQJLRJHQLFIDFWRUV>@DQGD
PDMRUVRXUFHRIYDVFXODUHQGRWKHOLDOJURZWKIDFWRU9(*)>@SODWHOHWGHULYHG
JURZWKIDFWRU3'*)>@DQGEDVLFILEUREODVWJURZWKIDFWRUE)*)>@ZKLFK
DFWDVSURPRWHUVRIWXPRUJURZWKLQOXQJ>@1HZHYLGHQFHVXJJHVWVWKDW
SODWHOHWVDUHUHOHYDQWWRGHIHQVLYHSK\VLRORJLFDOLPPXQHUHVSRQVHVRIWKHOXQJVDQG
WRLQIODPPDWRU\OXQJGLVHDVHV>@7KXVKLJKHUSODWHOHWFRXQWKDVDSRWHQWLDO
ELRORJLFDOFRQQHFWLRQWRLQFUHDVHGULVNRIOXQJFDQFHU,QWHUHVWLQJO\SVHOHFWLQDQ
LPSRUWDQWDGKHVLRQPROHFXOHH[SUHVVHGRQWKHVXUIDFHRIDFWLYDWHGSODWHOHWVLVPRUH
KLJKO\H[SUHVVHGLQOXQJDGHQRFDUFLQRPDVDQGVTXDPRXVFHOOFDUFLQRPDVWKDQLQ
KHDOWK\SRSXODWLRQV>@7KHVHUHVXOWVLQGLFDWHDFRQVLGHUDEOHUROHRISODWHOHWVLQ
OXQJFDUFLQRJHQHVLV  
 
,QWULJXLQJO\DUHFHQWVWXG\LQGLFDWHVWKDWFDQFHUFHOOVGHSHQGRQSODWHOHWVWRDYRLG
DQRLNLVDQGVXFFHHGLQPHWDVWDVLV>@3ODWHOHWVLQGXFHUHVLVWDQFHWRDQRLNLVLQYLWUR
DQGDUHFULWLFDOIRUPHWDVWDVLVLQYLYRE\DFWLYDWLQJ5KR$0<3733PHGLDWHG
<$3GHSKRVSKRU\ODWLRQDQGSURPRWLQJLWVQXFOHDUWUDQVORFDWLRQWRLQKLELWDSRSWRVLV
+RZHYHUWKHXQNQRZQXQGHUO\LQJPHFKDQLVPZDUUDQWVIXWXUHZHOOGHVLJQHG
IXQFWLRQDOH[SHULPHQWVWRFODULI\WKHUROHRISODWHOHWVLQWKHVHFHOOXODUSURFHVVHV 
 
,QDGGLWLRQDQWLSODWHOHWDJHQWVVXFKDVSXULQHUJLFDQWDJRQLVWVDUHXVHGFOLQLFDOO\
EHFDXVHWKH\DIIHFWLQIODPPDWRU\SDWKZD\V>@5HFHQWSXEOLFDWLRQVGHPRQVWUDWH
WKDWSODWHOHWVVXSSUHVV7FHOOUHVSRQVHVDJDLQVWWXPRUVWKURXJKSURGXFWLRQDQG
DFWLYDWLRQRILPPXQRVXSSUHVVLYHIDFWRUV7KHVHUHVXOWVVXJJHVWWKHXVHRID
FRPELQDWLRQRILPPXQRWKHUDS\DQGSODWHOHWLQKLELWRUVVXFKDVDVSLULQ>@DQG
FORSLGRJUHODVDWKHUDSHXWLFVWUDWHJ\DJDLQVWFDQFHU>@7KHUHIRUHLWLVSRVVLEOH
WKDWDQWLSODWHOHWWKHUDS\FRXOGUHGXFHOXQJFDQFHUULVN  
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+RZHYHUZHDFNQRZOHGJHVRPHOLPLWDWLRQVLQRXUVWXG\)LUVWVRPHDVVRFLDWLRQV
EHWZHHQJHQHWLFLQVWUXPHQWDOYDULDEOHVDQGSKHQRW\SHSODWHOHWFRXQWZHUH
LQVXIILFLHQWDQGWKXVPD\UHVXOWLQDZHDNLQVWUXPHQWSKHQRPHQRQ>@6HFRQGLQ
VRPHVFHQDULRVLQFRQVLVWHQWUHVXOWVZHUHREVHUYHGEHWZHHQLQYHUVHYDULDQFH
ZHLJKWHGDQG05(JJHURUUHJXODUDQGSHQDOL]HGUREXVWPRGHOV7KLVSKHQRPHQRQ
LQGLFDWHVWKDWJHQHWLFYDULDQWVSUREDEO\KDYHKRUL]RQWDOSOHLRWURS\DQGWKXV05
DVVXPSWLRQVDUHOLNHO\YLRODWHG>@0RUHRYHUWKHUHLVKHWHURJHQHLW\DFURVVUHVXOWV
LQFRUSRUDWLQJGLIIHUHQW613VHWVDVLQVWUXPHQWDOYDULDEOHVZKLFKLQGLFDWHVWKDWWKH
LQVWUXPHQWDOYDULDEOHVKRXOGEHFXUDWHGFDUHIXOO\EHIRUH0HQGHOLDQUDQGRPL]DWLRQ
DQDO\VLV,QWKLVVWXG\DOOSODWHOHWFRXQWUHODWHG613VZHUHFXUDWHGDQGVL[ZHUH
UHWDLQHGWREHWWHUVDWLVI\05DVVXPSWLRQV7KLUGDOLQHDUDVVRFLDWLRQZDVDVVXPHG
EHWZHHQ3/7DQGOXQJFDQFHUULVN+RZHYHUWKHVKDSHFRXOGEHQRQOLQHDUDQGWKXV
ZDUUDQWVIXUWKHUVWXG\LQFRUSRUDWLQJLQGLYLGXDOOHYHOGDWD)RXUWKZHRQO\HYDOXDWHG
SODWHOHWFRXQWDVDSRWHQWLDOFDXVDOIDFWRUZKHUHDVSODWHOHWIXQFWLRQSOD\VD
FRPSDUDEOHFDXVDOUROHLQWKLVSDWKZD\0RUHGHWDLOHGSODWHOHWLQIRUPDWLRQVKRXOGEH
PHDVXUHGLQIXWXUHVWXGLHVLQFOXGLQJLPPDWXUHSODWHOHWIUDFWLRQVDQGIXQFWLRQ,Q
DGGLWLRQZHDVVXPHGWKDWVWXG\SRSXODWLRQVXVHGIRUWKHJHQHWLFLQVWUXPHQWIRU
SODWHOHWFRXQWDQGIRUULVNRIOXQJFDQFHUZHUHUHSUHVHQWDWLYHRIWKHVDPHJHQHUDO
&DXFDVLDQSRSXODWLRQZKLFKPD\QRWEHWUXH7KHUHIRUHDGGLWLRQDOIXQFWLRQDOVWXGLHV
DUHQHHGHGWRIXUWKHUHYDOXDWHWKHPHFKDQLVPVWKDWXQGHUOLHDVVRFLDWLRQVEHWZHHQ
SODWHOHWVDQGOXQJFDQFHUULVN  
 
1RQHWKHOHVVRXU¿QGLQJVGRVXJJHVWDUROHRISODWHOHWFRXQWLQULVNRIOXQJFDQFHU
7KHUHVXOWVSURYLGHDEHWWHUXQGHUVWDQGLQJRIOXQJFDQFHUHWLRORJ\DQGHYLGHQFHIRUD
SRVVLEOHUROHRIDQWLSODWHOHWLQWHUYHQWLRQVLQOXQJFDQFHUSUHYHQWLRQ 
 
$FNQRZOHGJHPHQWV 
:HWKDQNWKHSDUWLFLSDQWVDQGVWDIIIRUWKHLULPSRUWDQWFRQWULEXWLRQVWRWKLVVWXG\  
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7DEOH613VRIVSHFLILFSODWHOHWUHODWHGJHQHV 
SNP 
Chr:Position 
(hg19) Gene 
Reference 
allele 
Effect 
allele 
EAF 
(%) Function b (95% CI) P 
rs17030845 2: 43687879 THADA C T 09.65 intron ±±± î± 
rs6141 3: 184090266 THPO T C 47.39 ¶ UTR ±2.47 (±3.36, ±1.57) î± 
rs3792366 3: 122839876 PDIA5 A G 38.68 intron 2.153 (1.44, 2.87) î± 
rs210134 6: 33540209 BAK1 G A 29.29 
500bp 
downstream 
±4.96 (±5.73, ±4.18) î± 
rs708382 17: 42442344 FAM171A2-ITGA2B T C 39.66 2kb upstream ±2.44 (±3.28, ±1.59) î± 
rs6065 17: 4836381 GP1BA C T 08.53 missense 4.19 (2.96, 5.43) î± 
($)HIIHFWDOOHOHIUHTXHQF\875XQWUDQVODWHGUHJLRQ 
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7DEOH$VVRFLDWLRQEHWZHHQSODWHOHWFRXQWDQGULVNRIOXQJFDQFHUXVLQJPXOWLSOH,9DQDO\VLV 
 
SNP 
Overall NSCLC AC SqCC SCLC 
OR (95%CI) P OR (95%CI) P OR (95%CI) P OR (95%CI) P 
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)LJXUH/HJHQGV 
)LJXUH'LDJUDPRI0HQGHOLDQUDQGRPL]DWLRQ05DQDO\VLV05DLPVWRHVWLPDWH
WKHXQELDVHGFDXVDOUHODWLRQVKLSEHWZHHQ3/7DQGOXQJFDQFHUULVNE\LQFRUSRUDWLQJ
JHQHWLFYDULDQWVDVLQVWUXPHQWDOYDULDEOHV,9V'DVKHGOLQHUHSUHVHQWVWKH
DVVRFLDWLRQEHWZHHQLQVWUXPHQWDOYDULDEOH613DQGRXWFRPHULVNRIOXQJFDQFHU
GHQRWHGXVLQJE<*LQORJRGGVUDWLRVFDOHDQGLWVVWDQGDUGHUURU6(<*ZKLFKZHUH
REWDLQHGIURP*:$6(VWLPDWHVRITXDQWLWDWLYHWUDLWORFLUHODWLRQVKLSEHWZHHQ613
DQGSKHQRW\SHSODWHOHWFRXQWZHUHREWDLQHGIURPDUHFHQWO\SXEOLVKHGDUWLFOHZKLFK
ZHUHGHVFULEHGE\E;*DQG6(;*/XQJFDQFHUULVNZDVDVVHVVHGIRUQRQVPDOOFHOO
OXQJFDQFHU16&/&DGHQRFDUFLQRPD$&VTXDPRXVFHOOFDUFLQRPD6T&&DQG
VPDOOFHOOFDUFLQRPD6&/& 
 
)LJXUH&DXVDODVVRFLDWLRQVEHWZHHQSODWHOHWFRXQWDQGOXQJFDQFHUULVN)RUHVW
SORWVRIFDXVDODVVRFLDWLRQVEHWZHHQSODWHOHWFRXQW3/7DQGULVNRIOXQJFDQFHU
XVLQJ0HQGHOLDQUDQGRPL]DWLRQ05DQDO\VLVLQFRUSRUDWLQJGLIIHUHQWJHQHWLFYDULDQWV
DVLQVWUXPHQWDOYDULDEOHV,9V$VVRFLDWLRQVRI3/7ZLWKULVNRI$QRQVPDOOFHOO
OXQJFDQFHU16&/&%DGHQRFDUFLQRPD$&&VTXDPRXVFHOOFDUFLQRPD
6T&&DQG'VPDOOFHOOOXQJFDQFHU6&/&ZHUHDQDO\]HGEDVHGRQVLQJOH,9RU
PXOWLSOH,9VXVLQJLQYHUVHYDULDQFHZHLJKWHG,9:DQDO\VLV 
 
)LJXUH$VVRFDWLRQVEHWZHHQ613VDQGOXQJFDQFHUULVN6FDWWHUSORWVGLVSOD\LQJ
HVWLPDWHVRIWKHDVVRFLDWLRQEHWZHHQHDFK613DQGULVNRIOXQJFDQFHUDJDLQVW
TXDQWLWDWLYHUHODWLRQVKLSRIHDFK613RQSODWHOHWFRXQW3/7IRU$QRQVPDOOFHOO
OXQJFDQFHU16&/&%DGHQRFDUFLQRPD$&&VTXDPRXVFHOOFDUFLQRPD
6T&&DQG'VPDOOFHOOOXQJFDQFHU6&/&6ORSHRIWKHEOXHGDVKHGOLQH
WKURXJKWKHSORWUHSUHVHQWVLQYHUVHYDULDQFHZHLJKWHG,9:UHJUHVVLRQHVWLPDWHIRU
WKHFDXVDOHIIHFWRI3/7RQOXQJFDQFHUULVN 
 
